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Purpose: This study was designed to characterize drug delivery with lidocaine topical
system 1.8% vs lidocaine patch 5% through 2 PK studies.

Patients and Methods: Two Phase 1, single-center, open-label, randomized PK studies
were performed in healthy adults. In Study 1, 56 subjects received a single intravenous bolus
of 0.7 mg/kg of lidocaine as a lead-in to allow for the accurate determination of apparent
dose of both products. After a 7-day washout period, subjects were randomized to receive
either lidocaine topical system 1.8% or lidocaine patch 5% for 12 hours followed by another
7-day washout period, after which subjects crossed over to receive the other treatment for 12
hours. In Study 2, 54 subjects were randomized to receive either lidocaine topical system
1.8% or lidocaine patch 5% for 12 hours. After a 7-day washout period, subjects crossed over
to receive the other treatment. Adhesion and skin irritation assessments were performed after
application of the products in Study 2. In both studies, serial blood samples were collected to
measure the plasma concentration of lidocaine after product application. Safety assessments
and adverse events were monitored in both studies.

Results: The comparative PK analysis demonstrated that the two products, despite their
difference in drug load and strength, are bioequivalent. Both products were well tolerated. In
Study 2, dermal response scores (skin tolerability after removal) were similar between
lidocaine topical system 1.8% and lidocaine patch 5%, with a mean irritation score per
patch <1 (barely perceptible erythema), which is not considered to be clinically significant.
Conclusion: Bioequivalence was demonstrated between lidocaine topical system 1.8% and
lidocaine patch 5%. A comparison of the single-time adhesion scores at 12 hours in Study 2
favored lidocaine topical system 1.8% over lidocaine patch 5%. Both products were well
tolerated as a single application in healthy adult human subjects.

ClinicalTrials.gov: NCT04144192, NCT04149938.
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Introduction

Each year in the United States, an estimated one million individuals are diagnosed
with herpes zoster (HZ), or shingles." HZ is caused by reactivation of latent
varicella-zoster virus in the dorsal root ganglia and typically presents as
a unilateral, painful, blistering rash in the affected dermatome(s).” It most often
occurs in patients >50 years old; women are at greater risk than men.’
Approximately 20% of HZ patients will develop postherpetic neuralgia (PHN),
a complication characterized by neuropathic pain within the zoster-affected
dermatome(s) that is sustained for at least 3 months after the rash has healed.'*
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PHN pain is often associated with allodynia and hyperal-
gesia and can persist for years.” Pharmacologic treatment
usually includes oral medications, such as antidepressants,
anticonvulsants, and opioids, as well as topical analgesics,
such as the lidocaine patch.” Advantages of topical drug
delivery systems include providing targeted site-specific
therapy while minimizing entry and level of drugs in the
systemic circulation; this therapy often avoids or reduces
side effects or toxicities of commonly used oral
medications.®

Lidocaine is an amide local anesthetic that blocks
sodium ion channels required for the initiation and con-
duction of neuronal impulses.” Blocking sodium channels
in the dermal nociceptors of A delta and C fibers reduces
the frequency of ectopic discharges that contribute to
neuropathic pain. Topical patches and other delivery sys-
tems have been developed to deliver lidocaine locally for
the treatment of PHN.!*!%!! In 1999, the US Food and
Drug Administration (FDA) approved lidocaine patch 5%
(Lidoderm®™, Endo Pharmaceuticals Inc., Malvern, PA) for
the relief of pain associated with PHN. The lidocaine patch
5% contains 700 mg of lidocaine (5% = 50 mg per gram
adhesive) in an aqueous (“hydrogel”) matrix.'> The
analgesic efficacy of topical lidocaine in PHN has been
demonstrated in several randomized clinical trials, which
show that patients experience pain relief within hours of
application of lidocaine patches and that treatment is well
tolerated.'*'* Topical lidocaine remains an effective treat-
ment option for PHN over time, with up to 4 years of
available safety and efficacy data on long-term treatment
outcomes.'>'® Additionally, topical lidocaine has been
reported to have analgesic effects in other conditions,
such as lower back pain, diabetic peripheral neuropathy,
carpal tunnel syndrome, and osteoarthritis pain.''

In 2018, a novel topical system (ie, patches, now
referred to as “topical systems” by the FDA) consisting
of lidocaine dissolved in an organic acid/polyalcohol sol-
vent system in a polymer-based adhesive matrix was FDA-
approved for the relief of PHN pain (ZTlido® [lidocaine
1.8%],
Mountain View, CA). Each topical system contains

topical system Scilex Pharmaceuticals Inc.,
36 mg of lidocaine (1.8% = 18 mg per gram adhesive).”
Similar to lidocaine patch 5%, lidocaine topical system
1.8% was designed with a skin contact area of 140 cm?
and is indicated to be worn for 12 hours per day (max-
imum of 3 topical systems per day). The nonaqueous
formulation of lidocaine topical system 1.8% results in

improved biopharmaceutical efficiency and drug delivery

Table | Characteristics of Lidocaine Topical System [.8% and
Lidocaine Patch 5%

Attribute Lidocaine Patch 5%

(Lidoderm®)'?

Lidocaine Topical
System 1.8% (ZTlido®)’

Formulation Nonaqueous polymer matrix | Aqueous polymer

matrix
Lidocaine 36 mg (18 mg per gram 700 mg (50 mg per
content adhesive) gram adhesive)
Size 10 cm x 14 cm 10 cm x 14 cm
Thickness 0.08 cm 0.16 cm*
Weight 2 g adhesive 14 g adhesive
Bioavailability | ~48% 3% 2%

Note: *Approximate thickness based on product utilized in studies.

compared with lidocaine patch 5%, such that bioequivalent
plasma levels are achieved with ~19-fold lower drug load
(36 mg vs 700 mg) and lower strength (1.8% vs 5%). The
lidocaine topical system 1.8% was developed to have
optimal adhesion (ie, maintaining contact with the skin
over the 12-hour administration period) and to be thinner
and lighter than lidocaine patch 5% so that it can better
adhere to contour-challenged areas of the body and main-
tain contact during normal activities and moderate exer-
cise. A comparison of lidocaine topical system 1.8% and
lidocaine patch 5% product attributes is provided in
Table 1.

To characterize drug delivery with lidocaine topical
system 1.8% compared with lidocaine patch 5%, 2 sepa-
rate pharmacokinetic (PK) studies were performed in nor-
mal, healthy volunteers. Study 1 was designed to
characterize the PK of lidocaine topical system 1.8%,
including apparent dose, and Study 2 was designed to
confirm comparable PK between lidocaine topical system
1.8% and lidocaine patch 5%. Safety, adhesion, and skin
tolerability of both formulations were also assessed.

Materials and Methods
Study Design

Two Phase 1 comparative PK studies were conducted at
a single clinical site (TKL Research, Fair Lawn, NJ),
approved by an IntegReview ethical review board (IRB;
Austin, TX), and conducted in accordance with the ethi-
cal principles originating from the Declaration of
Helsinki the
Conference on Harmonization Good Clinical Practice

and amendments and International

guidelines and local regulatory requirements. All sub-
jects provided signed informed consent. The studies
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were not prospectively registered because the studies
described were Phase 1 trials, and FDA guidelines state
that Phase 1 trials are not applicable drug clinical trials
and therefore are not required to be registered. The
studies were retrospectively registered at the request of
the Editor at ClinicalTrials.gov with the clinical trial
registration numbers NCT04144192 and NCT04149938.

Study 1 was a single-center, open-label, randomized
study conducted to characterize the comparative single-
dose PK and safety of lidocaine topical system 1.8%
versus lidocaine patch 5% and included a single-dose PK
lead-in period of lidocaine 0.7 mg/kg bolus intravenous
(IV) injection. The lidocaine IV injection lead-in period
was included to allow for the determination of the appar-
ent dose of both products via IV clearance (IVcp).

Study 2 was a single-center, open-label, randomized,
two-period crossover study conducted to characterize the
comparative single-dose PK and safety of lidocaine topical
system 1.8% and lidocaine patch 5% and to evaluate
adhesion performance and dermal irritation. Apparent
dose of lidocaine topical system 1.8% was also determined
in Study 2 based on the residual drug analysis of skin, used
product, product envelopes, and release liners, which
allowed for comparison with the apparent dose observed
for the product in Study 1 via IV It is noted that Study 1
was performed with tape reinforcement of both products to
ensure continuous contact of the products to the skin.
Study 2 was performed without tape reinforcement or
any other mechanical reinforcement of the products, con-
sistent with the respective prescribing information.

Patients

Inclusion criteria for Study 1 required men and women
>18 years of age to be healthy, verified by clinical hema-
tology and chemistry laboratory test results and vital signs
measurements. Female subjects were not pregnant and
used an acceptable form of birth control if they were of
childbearing potential. Key exclusion criteria included use
of a prescription medication within 14 days or over-the-
counter medications within 7 days prior to administration
of study medication, known hypersensitivity or allergy to
any of the components of the lidocaine topical system
formulation, and any serious illness in the 4 weeks pre-
ceding the beginning of treatment that resulted in missed
work or hospitalization. Study 1 actively recruited 4 ger-
iatric subjects (ie, subjects >65 years of age) who were
able to meet all the inclusion and exclusion criteria, which

was challenging given the exclusion of prescription pro-
duct use within 14 days of the study.

Key inclusion criteria for Study 2 were similar to those
for Study 1, with the inclusion of healthy (confirmed by
medical history, laboratory work, and physical exam) men
and women between >18 and <65 years of age. Female
subjects were not pregnant and used an acceptable form of
birth control if they were of childbearing potential.
Subjects were free of any systemic or dermatologic dis-
order, which, in the opinion of the investigator, would
have interfered with the study results or increased the
risk of adverse events (AEs). Key exclusion criteria for
Study 2 included unwillingness to refrain from using sys-
temic/topical analgesics for 72 hours prior to enrollment
and during the study, current use of opioids, planned
dental procedures within 30 days of enrollment, and
known hypersensitivity or allergy to any of the compo-
nents of the product formulations. Key exclusion criteria
for the PK portion of Study 2 included use of any drug
treatment at the time of the study, use of a prescription
medication within 14 days prior to administration of study
medication or over-the-counter products (including natural
food supplements, vitamins, garlic as a supplement) within
7 days prior to enrollment, and during the PK phase,
unwillingness to restrict caffeine or grapefruit juice.

Treatments

Study 1 assessed the comparative PK of lidocaine topical
system 1.8% and lidocaine patch 5%, with an IV lead-in
period. Subjects (N=56) first received a single IV bolus of
0.7 mg/kg of lidocaine administered on Day 1 using pre-
filled syringes of lidocaine (20 mg/mL or 100 mg/5 mL,
2% solution; Hospira, Inc., Lake Forest, IL). Following
a 7-day washout period, subjects were randomized to
receive either lidocaine topical system 1.8% or lidocaine
patch 5% (Period 1; Day 7). After the 7-day washout
period, subjects crossed over and received the other treat-
ment (Period 2; Day 15). For both periods, each treatment
consisted of the application of a set of three lidocaine
topical systems 1.8% or three lidocaine patches 5% to
the skin of each subject’s back with tape reinforcement
over a 12-hour administration period. Tape reinforcement
consisted of the use of 3M™ Transpore™ surgical tape
(3M, St. Paul, MN) on the four corners of the product. If
lifting was observed, additional tape reinforcement was
allowed along the product edges. Taping of the surface
of the product or use of occlusive overlays was not
allowed in the study.
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In Study 2, subjects were randomized to receive either
lidocaine topical system 1.8% or lidocaine patch 5%
(Period 1; Day 1). After a 7-day washout period, subjects
crossed over and received the other treatment (Period 2;
Day 7). Subjects were confined from Day —1 until Day 3
(after PK blood draw), and from Day 7 until Day 10 (after
PK blood draw). Following an overnight fast of at least 10
hours, subjects received three lidocaine topical systems
1.8% or three lidocaine patches 5% applied for 12 hours
to a defined area of normal skin on the back; all subjects
completed a 7-day washout period following Period 1 and
Period 2. During Periods 1 and 2, products were evaluated
for degree of adhesion by the trained scorer using the FDA-
recommended rating scale, and serial PK samples were
collected for the determination of lidocaine plasma concen-
tration at predose (time 0) and at scheduled time points up
to 48 hours (Day 3 [Period 1] and Day 10 [Period 2])."”

Blood Sampling and Determination of

Drug Concentrations

In both Studies 1 and 2, serial blood samples were col-
lected via venipuncture to measure the plasma concentra-
tion of lidocaine at predetermined times after application
of the product. Blood samples (5 mL at each time point in
Study 1 and 6 mL at each time point in Study 2) were
taken during each treatment period at preapplication and
then after product application at 2, 4, 6, 9, 10, 11, 12, 13,
14, 16, 18, 20, 22, 24, and 48 hours. In Study 1, samples
were taken at 5, 10, 20, 30, 45, 60, and 90 minutes and 2,
3,4, 8, and 12 hours postdose for the lidocaine IV lead-in
period. Blood was collected into heparinized or EDTA-
containing tubes and centrifuged at 3000 rpm for 10 min-
utes at 4°C. Plasma was transferred to plastic tubes and
frozen until analysis.

Bioanalytical Methods

Plasma concentrations of lidocaine were determined using
a validated liquid chromatography with tandem mass spec-
trometry method. The assay was linear in the range of
0.500 ng/mL to 300 ng/mL for Study 1 and 0.200 ng/mL
to 300 ng/mL for Study 2. The lower limit of quantifica-
tion was 0.500 ng/mL in Study 1 and 0.200 ng/mL in
Study 2.

Safety Assessments
Safety assessments included clinical laboratory tests
(blood chemistry, hematology, urine analysis), physical

examination, vital signs (blood pressure, pulse rate, body
temperature), and resting standard 12-lead electrocardio-
gram at screening, before product administration, and at
specified time points throughout Studies 1 and 2. In the
Study 1 lidocaine IV lead-in period, subjects had contin-
uous cardiac monitoring during the IV bolus and up to 4
hours post-administration. AEs were monitored throughout
both studies.

Adhesion Assessments

In Study 2, adhesion of the products was assessed imme-
diately after application and at 3, 6, 9, and 12 hours, just
prior to product removal. Adhesion was scored according
to the FDA-recommended scale, where 0: >90% adhered
(essentially no lift off the skin); 1: >75% to <90% adhered
(some edges only lifting off the skin); 2: >50% to <75%
adhered (less than half of the system lifting off the skin);
3: <50% adhered but not detached (more than half the
system lifting off the skin without falling off); and 4: 0%
(complete detachment).”

Skin Irritation Assessments

In Study 2, dermal response was evaluated after product
removal according to the scoring system recommended by
FDA guidance.'® The scoring system is based on a scale of
0 to 7 (0=no evidence of irritation; 1=minimal erythema,
barely perceptible; 2=definite erythema; 3=erythema and
papules/pustules; 4=definite edema; 5=erythema, edema,
and papules; 6=vesicular eruption; 7=strong reaction
spreading beyond the application site).

Statistical Analyses

In Studies 1 and 2, all statistical processing was performed
using the SAS® system (Version 9.2). In Study 1, all PK
parameters were summarized by treatment period, using
mean, standard deviation (SD), 95% confidence interval
(CI), minimum, median, and maximum. C,,,,, AUCg_, and
AUC,_, were tested for bioequivalence between the two
product treatments. The log-transformed quantities were
analyzed in a mixed effects analysis of variance model,
with treatment, sequence, and period as fixed effects and
subject within sequence as a random effect. Estimates of
the difference between treatment least square means were
obtained from the model with 90% Cls. These estimates
and Cls were back-transformed onto the original scale to
provide estimates of the geometric means for each treat-
ment and the ratio of the geometric means. By convention,
if the 90% CI of the ratio of geometric means was within
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80% to 125%, then the two treatments were considered
bioequivalent.

Results
Patient Disposition and Baseline

Characteristics

In Study 1, a total of 58 subjects were enrolled and 56 (96.6%)
completed the study. One subject discontinued because of an
AE (urticaria) during the IV lead-in period, and 1 subject
withdrew consent. The median age was 39.5 years with four
subjects over the age of 65. More than half of subjects were
women (62.1%) (Table 2). In Study 2, a total of 54 subjects
were randomized; 28 subjects were randomized to Sequence 1
and 26 subjects were randomized to Sequence 2. All subjects
(100%) in both Sequence 1 and Sequence 2 completed the
study. Among all subjects, the mean age was 41.1 years with
an SD of 10.3 years. Thirty-nine subjects (72.2%) were men,
and 15 subjects (27.8%) were women (Table 3).

PK Assessments

In Study 1, 56 of 58 subjects completed all portions of the
study and were included in the PK analysis. The PK of
lidocaine delivered as a 0.7 mgkg IV dose was

Table 2 Demographics and Baseline Characteristics (Study 1)

<65 Years | >65 All Subjects
(n=54) Years (N=58)
(n=4)
Age (years)
Mean (SD) 36.8 (9.9) 68.5 (4.4) 39.0 (12.5)
Median 37.0 66.5 39.5
Minimum, maximum | 20, 55 66, 75 20, 75
Gender, n (%)
Male 20 (37.0) 2 (50.0) 22 (37.9)
Female 34 (63.0) 2 (50.0) 36 (62.1)
Ethnicity, n (%)
Hispanic or Latino 21 (38.9) 0 21 (36.2)
Non-Hispanic or 33 (61.1) 4 (100.0) 37 (63.8)
Latino
Race, n (%)
White 28 (51.9) 2 (50.0) 30 (51.7)
Black or African 23 (42.6) 2 (50.0) 25 (43.1)
American
American Indian or 1 (1.9) 0 1 (1.7)
Alaska Native
Asian I (1.9) 0 1 (1.7)
Other I (1.9) 0 1 (1.7)

Abbreviation: SD, standard deviation.

Table 3 Demographics and Baseline Characteristics (Study 2)

Sequence | Sequence 2 Overall
[Lidocaine [Lidocaine (N=54)
Topical Patch 5% —
System 1.8% Lidocaine
— Lidocaine | Topical
Patch 5%] System
(n=28) 1.8%] (n=26)
Age (years)
Mean (SD) 41.3 (10.8) 40.8 (9.9) 41.1 (10.3)
Median 41.0 45.0 425
Minimum, maximum | 20, 58 25, 59 20, 59
Gender, n (%)
Male 20 (71.4) 19 (73.1) 39 (72.2)
Female 8 (28.6) 7 (26.9) 15 (27.8)
Ethnicity, n (%)
Hispanic or Latino 6 (21.4) 5(19.2) 11 (20.4)
Non-Hispanic or 22 (78.6) 21 (80.8) 43 (79.6)
Latino
Race, n (%)
White 15 (53.6) 13 (50.0) 28 (51.9)
Black or African 12 (42.9) 13 (50.0) 25 (46.3)
American
American Indian or 1 (3.6) 0 (0.0) 1(1.9)
Alaska Native

Abbreviation: SD, standard deviation.

characterized by a high C... (1778.39 £ 2555.09 ng/
mL), short T,,.x (median of 0.13 hours [0.1-4.0 hours]),
and short Ty, (2.92 £ 0.52 hours) (Table 4, Figure 1).
Compared with the IV bolus, the PK profiles of both the
lidocaine topical system 1.8% and lidocaine patch 5%
were characterized by a more than 20-fold lower C,.x
(80.45 £ 25.53 ng/mL for lidocaine topical system 1.8%
and 75.38 £29.96 ng/mL for lidocaine patch 5%), a longer
Tmax (median of 13.95 hours [range 9.0-20.0 hours] for
lidocaine topical system 1.8% and 12.69 hours [range
9.1-24.0 hours] for lidocaine patch 5%), and a longer
Ti/5 (5.56 = 1.67 hours for lidocaine topical system 1.8%
and 6.27 + 1.77 hours for lidocaine patch 5%). Mean
lidocaine plasma concentrations versus time profiles for
lidocaine topical system 1.8% and lidocaine patch 5% are
shown in Figure 2 and demonstrate a similar PK profile.
Bioequivalence was assessed by calculating the 90%
CI for the geometric least square means ratio of lidocaine
topical system 1.8%/lidocaine patch 5% for AUC,,
AUCinp, and Cppax, all of which were entirely within the
acceptance range of 0.8 to 1.25, indicating that the pro-
ducts have a very similar rate and extent of absorption.
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Table 4 Pharmacokinetic Parameter Estimates of Lidocaine in Plasma (per Protocol Population) (Studies | and 2)

Pharmacokinetic Parameter

Lidocaine Topical System, 1.8%

Lidocaine Patch, 5%

Lidocaine (0.7 mg/kg) IV

AUC,.. (ngh/mL) [+SD]
AUCq. (ng h/mL) [+SD]

12429 (432.5)
1253.7 (432.5)

1420.8 (586.0)
14355 (588.9)

Tomax (hour) [range]® 13.9 (4.0, 18.0) 11.0 (4.0, 17.9)
Ty, (hour) [+SD] 5.4 (1.0) 6.2 (1.6)
ke (hr™") [+SD] 0.13 (0.03) 0.12 (0.03)

Study |

Number of Subjects 56 56 56

Crnax (ng/mL) 80.5 (25.53) 75.4 (30.0) 1778.39 (2555.09)
AUC,_; (ng h/mL) [£SD] 1160.3 (394.5) 1121.0 (453.1) 1981.94 (1660.51)
AUC ¢ (ng h/mL) [+SD] 1207.4 (387.6) 1183.4 (437.4) 1998.56 (1667.92)
Tmax (hour) [range]® 14.0 (9.0, 20.0) 12.7 (9.1, 24.0) 0.13 (0.1, 4.0)

Ty, (hour) [+SD] 5.6 (1.7) 6.3 (1.8) 2.92 (0.52)

ke (hr™") [£SD] 0.13 (0.03) 0.12 (0.03) 0.24 (0.04)
Study 2

Number of Subjects 54 54

Crnax (ng/mL) 75.1 (28.0) 86.6 (42.3)

Note: *Median value.

Abbreviations: C,,,,, maximum plasma drug concentration; AUCy._,, area under the curve from time 0 to the time of the last measurable concentration; SD, standard
deviation; AUCy_i, area under the plasma concentration-time curve from time 0 to infinity; T, time point at which the maximum plasma concentration was observed; T,

elimination half-life; K., elimination rate constant; IV, intravenous.

The 90% CIs of all parameters were within the range of
80% to 125%, demonstrating that lidocaine topical system
1.8% and lidocaine patch 5% are bioequivalent (Table 5).

In Study 2, a total of 54 subjects were enrolled and
included in the PK analysis. Like in Study 1, the PK
parameters of lidocaine from lidocaine topical system
1.8% and lidocaine patch 5% were similar (Table 4).
Mean lidocaine plasma concentrations versus time profiles
for lidocaine topical system 1.8% and lidocaine patch 5%
are shown in Figure 3. The bioequivalence of lidocaine
topical system 1.8% compared with lidocaine patch 5% is
presented in Table 6. The ratio of geometric least square

O—— - — - —

O = N W A 01O N

means and 90% CIs for AUCy_, AUCy..., and C,,.x Were
entirely within the acceptance range of 0.8 to 1.25 for the
PK parameter population and by period.

Apparent Dose

In Study 1, systemic exposure for both lidocaine topical
system 1.8% and lidocaine patch 5% was estimated by
applying the clearance rate observed after IV lidocaine
bolus by the formula Doseppv = CLiv X AUCpropuct to
ascertain the dose absorbed from the products. The results are
described in Table 7 and show that 43.99 + 17.62 mg of
lidocaine was absorbed from three lidocaine topical systems

- =0

Natural Log of Mean Concentration

T

LAY R LA ARRAR) LALLM RARRRR] LLLLL RAAAR] AL LA T
01 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 20 21 22 23 24

Time (hours)

Figure | Mean lidocaine plasma concentrations versus time profiles for IV lidocaine 0.7 mg/kg, semilog scale (N = 56) (Study I). Time = 0 is pre-dose measurement.

Abbreviation: |V, intravenous.
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Natural Log of Mean Concentration

0 2 4 6 81

Treatment

T T T T T T T T T T T T T T T T T T T T

0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

& 0-© Lidocaine topical system 1.8%  e-e—e Lidocaine patch 5%

Figure 2 Mean lidocaine plasma concentrations versus time profiles for lidocaine topical system 1.8% (N = 56) and lidocaine patch 5%, semilog scale (N = 54) (Study ).

Time = 0 is pre-dose measurement.

1.8% and 43.74 + 18.22 of lidocaine was absorbed from three
lidocaine patches 5%. While both products deliver the same
amount of lidocaine, the bioavailability is very different due
to the difference in drug load per system/patch (41% + 16%
for lidocaine topical system 1.8% vs 2% = 1% for lidocaine
patch 5%). These results are consistent with the prescribing
information for lidocaine patch 5%, which indicates
a bioavailability of 3% =+ 2%, albeit on the lower side of the
labeled range.'?

In Study 2, systemic exposure for lidocaine topical
system 1.8% was estimated by measuring the amount of
residual lidocaine in the used topical system, liner, envel-
ope, and surface of the skin and subtracting the total
residual amount from the amount of lidocaine in an unused
topical system. The total residual amount of lidocaine
recovered was 18.4 + 2.94 mg/topical system (of the
possible 36 mg). As shown in Table 7, 47.9 + 8.8 mg of
lidocaine was absorbed from three lidocaine topical sys-
tems 1.8%, with estimated bioavailability of 44% + 8%.
These results are consistent with the apparent dose deter-
mined by IV observed with lidocaine topical system
1.8% in Study 1.

Table 5 Analysis of Bioequivalence (Study 1)

100.00

10.00

o
=
o

Plasma Concentration (ng/mL)
g

0.01% . . . . . . . . . . . /
16 20 24 28 32 36 40 44 48
Time Post-Dose (h)

66 Lidocaine topical system 1.8% =53 Lidocaine patch 5%

Figure 3 Mean lidocaine plasma concentrations versus time profiles for lidocaine
topical system |.8% and lidocaine patch 5% (Study 2).

Adhesion Assessments

In addition to characterizing the PK profile, Study 2 also
included assessments of product adhesion. Lidocaine topi-
cal system 1.8% had a cumulative mean adhesion score of
0.22 that was statistically superior to lidocaine patch 5%,

Table 6 Analysis of Bioequivalence (Study 2)

n Ratio of Geometric 90% CI
Means
Crnax (ng/mL) 54 | 90.7 85.0, 96.8
AUC,, (ng h/mL) 54 | 89.1 84.9, 93.5
AUCy. ¢ (ngh/mL) | 53 | 88.6 84.4, 93.0

n Ratio of Geometric 90% CI
Means
Cinax (ng/mL) 56 | 111.22 103.82, 119.15
AUC,, (ng h/mL) 56 | 106.41 99.85, 113.41
AUC ¢ (ng'h/mL) | 54 | 104.57 98.84, 110.63

Abbreviations: C,,,, maximum plasma drug concentration; AUC_, area under
the curve from time O to the time of the last measurable concentration; AUCq. i,
area under the plasma concentration-time curve from time 0 to infinity; Cl, con-

fidence interval.

Note: Log-transformed quantities are analyzed in a mixed effects analysis of
variance model, with treatment, sequence, and period as fixed effects and subject
within sequence as a random effect.

Abbreviations: C,,,,, maximum plasma drug concentration; AUC,_, area under
the curve from time O to the time of the last measurable concentration; AUCq.ins,
area under the plasma concentration-time curve from time 0 to infinity; Cl, con-
fidence interval.
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Table 7 Summary of Apparent Dose Absorbed (Studies | and 2)

Product Study |

Study 2

AnaIYSisIVCIearance

Analysisjvresidual

Dose Absorbed/3

Products (mg) (SD) Absorbed (%)

Fraction of Applied Dose

Dose Absorbed/3
Products (mg) (SD)

Fraction of Applied Dose
Absorbed (%)

Lidocaine topical 43.99 £ 17.62 41 £ 16
system |.8%
Lidocaine patch 5% | 43.74 + 18.22 2+

479 + 8.8 44 +8

Abbreviations: 1V, intravenous; SD, standard deviation.

with a mean score of 0.86 (P<0.001). None of the lido-
caine topical systems 1.8% had a score greater than 2. In
contrast, 5.0% (8 patches) of the lidocaine patches 5% had
a score of 3 (>0% to <50% adhered), and 3.1% (5 patches)
became completely detached (score of 4) (Table 8).

Skin Irritation Assessments

In Study 2, skin irritation was assessed after product
removal. The mean sums of irritation scores for the three
patches per subject (ie, total score for all three patches) for
lidocaine topical system 1.8% and lidocaine patch 5% at
12 hours following application were quite similar. At 12
hours, 63.0% of subjects treated with lidocaine topical
system 1.8% and 55.6% of subjects treated with lidocaine
patch 5% had an irritation score of 0, indicating no

Table 8 Summary of Adhesion (Study 2)

Parameter Lidocaine Lidocaine
Topical Patch 5%
System 1.8%
Subjects with <50% adherence
for at least one patch (%)
2 hours 0 2 (3.8)
6 hours 0 5(94)
9 hours 0 7(13.2)
12 hours 0 8 (15.1)
Number of patches
completely detached (%)
2 hours 0 1 (0.6)
6 hours 0 2 (1.3)
9 hours 0 3 (1.9
12 hours 0 5@3.1)
Mean (90% Cl) adherence 0.22 (0.08, 0.36) | 0.86 (0.72, 1.00)
score at 12 hours
P value (l-sample t-test, test | <0.001
vs reference)

Abbreviation: Cl, confidence interval.

evidence of irritation. Overall, 20 of 54 (37.0%) lidocaine
topical system 1.8% subjects compared with 24 of 54
(44.4%) lidocaine patch 5% subjects had at least some
evidence of irritation. At a 90% CI, the mean sums of
irritation scores were 1.15 and 1.31, respectively, which is
not a significant difference (P=0.406). The mean irritation
score per patch was <I, which is not considered to be
clinically significant (Table 9).

Safety
In Study 1, 12 subjects (20.7%) experienced a total of 17

AEs; one subject experienced an AE that led to study

Table 9 Summary of Irritation Analysis (Study 2)

Lidocaine Lidocaine
Topical System Patch 5%
1.8% (N=54) (N=54)
Subjects’ maximum irritation
score across all 3 patches (%)
0 34 (63.0) 30 (55.6)
| 18 (33.3) 24 (44.4)
2 2(3.7) 0
Subjects by sum of irritation
scores for all patches (%)*
0 34 (63.0) 30 (55.6)
1-2 3 (5.6) 1 (1.9)
34 15 (27.8) 23 (42.6)
5-6 2 (3.7) 0
Mean (90% CI) sum of 1.15 (0.91, 1.38) 1.31 (1.08, 1.55)
irritation scores
P value (I-sample t-test, test | 0.406
vs reference)

Notes: *The mean sums of irritation scores are for the three patches per subject
(ie, total score for all three patches) for lidocaine topical system 1.8% and lidocaine
patch 5% at 12 hours following application. Irritation Scale: 0=No evidence of
irritation; |=Minimal erythema, barely perceptible; 2=Definite erythema, readily
visible, or minimal edema, or minimal popular response; 3=Erythema and papules;
4=Definite edema; 5=Erythema, edema, and papules; 6=Vesicular eruption;
7=Strong reaction spreading beyond test site.

Abbreviation: Cl, confidence interval.
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discontinuation, which was not related to the study drug.  subjects receiving lidocaine topical system 1.8%, one sub-
The overall incidence of AEs was 3.6% in subjects receiv-  ject experienced dizziness, headache, and abdominal pain,
ing lidocaine topical system 1.8% and 10.5% in subjects and a second subject experienced urticaria. All of these
receiving lidocaine patch 5% (Table 10). In the group of  AEs were considered possibly related to study medication.

Table 10 Overall Summary of Adverse Events (Study 1)

System Organ Class Preferred Term 0.7 mg/kg Lidocaine | Lidocaine Topical System | Lidocaine Patch
IV (N=58) 1.8% (N=56) 5.0% (N=57)
Subjects with any AE, n (%) 5 (8.6%) 2 (3.6%) 6 (10.5%)
NR=5 (8.6%) NR=0 NR=4 (7.0%)
R=0 R=2 (3.6%) R=2 (3.5%)
Blood, lymphatic disorders, n (%) Anemia 0 0 2 (3.5%)
NR=1 (1.8%)
R=1 (1.8%)
Gastrointestinal disorders, n (%) Abdominal 0 0 I (1.8%)
discomfort NR=1 (1.8%)
R=0
Abdominal pain 0 1 (1.8%) 0
NR=0
R=1 (1.8%)
Nausea 0 0 I (1.8%)
NR=1 (1.8%)
R=0
Injury, poisoning, and procedural Sunburn 1 (1.7%) 0 0
complications, n (%) NR=1 (1.7%)
R=0
Laboratory evaluations, n (%) Elevated alanine 0 0 I (1.8%)
transaminase NR=0
R=1 (1.8%)
Nervous system disorders, n (%) Dizziness 1 (1.7%) 1 (1.8%) 0
NR=1 (1.7%) NR=0
R=0 R=1 (1.8%)
Headache I (1.7%) 1 (1.8%) 2 (3.5%)
NR=1 (1.7%) NR=0 NR=2 (3.5%)
R=0 R=1 (1.8%) R=0
Skin and subcutaneous disorders, Hyperhidrosis 1 (1.7%) 0 0
n (%) NR=1 (1.7%)
R=0
Pruritus 0 0 I (1.8%)
NR=1 (1.8%)
R=0
Urticaria I (1.7%) 1 (1.8%) 0
NR=1 (1.7%) NR=0
R=0 R=1 (1.8%)

Notes: Counts reflect numbers of subjects reporting one or more AEs that map to the MedDRA preferred term. TEAEs included definitely related, probably related, and possibly
related. AEs were analyzed based on the last treatment subjects were on prior to AE occurrence. Denominator for percentages was number of subjects exposed to the given treatment.
Abbreviations: AE, adverse event; IV, intravenous; MedDRA, Medical Dictionary for Regulatory Activities; NR, not related; R, related; TEAE, treatment-emergent adverse event.
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Table 11 Overall Summary of Adverse Events (Safety Population) (Study 2)

System Organ Class Preferred Term Lidocaine Topical System Lidocaine Patch 5% Overall
(Verbatim) 1.8% (N=54) (N=54) (N=54)

Subjects with any I (1.9%) I (1.9%) 2 (3.7%)

AE, n (%)

Nervous system disorders, n (%) Syncope 0 I (1.9%) Mild, notrelated | | (1.9%)

Skin and subcutaneous tissue Acne I (1.9%) 0 I (1.9%)

disorders, n (%) Mild, not related

Abbreviation: AE, adverse event.

In the group of subjects receiving lidocaine patch 5%, one
subject experienced anemia and a second subject experi-
enced elevated alanine transaminase levels that were con-
sidered possibly related to study medication.

In Study 2, two AEs were recorded among two subjects
(3.7%). One subject (1.9%) receiving lidocaine topical
system 1.8% experienced acne and one subject (1.9%)
receiving lidocaine patch 5% experienced syncope.
Neither AE was judged to be treatment-related. There
were no serious or severe AEs and no AEs that led to
discontinuation of
(Table 11).

study medication or the study

Discussion
The PK profiles of two different lidocaine-containing topi-
cal systems/patches (ZTlido™ 1.8% and Lidoderm®™ 5%)
were compared in two studies in normal, healthy subjects
with regard to the systemic rate of exposure (AUC.,
AUC_inp) and the extent of absorption (C,,.x). The geo-
metric means for these PK parameters were similar, and
their 90% Cls were within the predefined bioequivalence
range of 80% to 125%.'" Thus, based on these results, it
can be concluded that the two products, despite their
differences in drug load and strength, are bioequivalent.
Both Study 1 and Study 2 were performed to support
marker approval in the United States by establishing
a pharmaceutical bridge between lidocaine topical system
1.8% and lidocaine patch 5%. In Study 1, the products
were reinforced at the corners with tape to ensure that
there was no lifting from the skin; however, taping may
have the potential to alter drug absorption. Study 2 repli-
cated the design of Study 1 without tape reinforcement.
Both studies confirm bioequivalence between lidocaine
topical system 1.8% and lidocaine patch 5%. While
Study 2 shows that the two products are bioequivalent
without reinforcement,

tape the disparate adhesion

performance noted may be a clinical/PK performance con-
sequence in the real world, as single-dose PK studies
inherently limit subject mobility within confinement of
the clinic that is not representative of real-life challenges.

Both products were well tolerated, with an overall
incidence of treatment-related adverse events treatment-
related AEs in the lidocaine topical system 1.8% group
and the lidocaine patch 5% group of 3.6% and 3.5%,
respectively, in Study 1. No treatment-related AEs were
observed in Study 2 for either product. Dermal response
scores (skin tolerability after removal) were similar
between lidocaine topical system 1.8% and lidocaine
patch 5%.

In addition to demonstrating bioequivalence between
lidocaine topical system 1.8% and lidocaine patch 5% and
showing that the two products have comparable safety and
skin tolerability profiles, the data from the present study
highlight that lidocaine topical system 1.8% presents sev-
eral advantages over lidocaine patch 5%, in terms of drug
load, residual drug after use, and adhesion. Lidocaine
topical system 1.8% delivers the same amount of lidocaine
as lidocaine patch 5% with a 19-fold reduction in drug
load. It also has low residual drug content after use
(~18 mg). Topical delivery systems that minimize drug
load and residual drug have an inherently lower risk of
inadvertent exposure or systemic safety risks (eg, in the
event of dose-dumping). Lidocaine topical system 1.8% is
also a lighter, thinner “patch” that demonstrated superior
adhesion to lidocaine patch 5% at the end of the labeled
wear duration (12 hours).”'? Adequate adhesion is
a critical quality attribute for topical delivery systems; if
the product lifts or detaches during wear, dosing may be
compromised and there is an increased risk of inadvertent
exposure to others.?’ This risk is emphasized in the lido-
caine patch 5% label with a statement on level of residual

drug (665 mg) and bolded warning pertinent to the risk of
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this level of residual drug. The label for lidocaine topical
system 1.8% maintains a warning of risks associated with
residual drug, but only states that a used product has
“residual drug after use” and has an unbolded warning.
This study shows that lidocaine topical system 1.8% is an
efficient lidocaine delivery system with improved adhesion
relative to lidocaine patch 5% and comparable dermal
safety and reduction of residual drug after use.

Importantly, these data demonstrate the discrepancy
between product strength and the amount of drug that is
delivered to the patient. In this case, a lidocaine topical
system with a product strength of 1.8% and 36 mg drug
load is bioequivalent (ie, delivers the same level of drug) to
a lidocaine patch with a product strength of 5% and 700 mg
drug load. This is counterintuitive, as one could reasonably
expect that a topical system or patch with a higher strength
(2.8-fold) and increased drug load (19-fold) would deliver
significantly more drug to the skin; however, topical system
delivery technologies have advanced such that product
strength and drug load are not necessarily indicators of
biopharmaceutical efficiency, and thus, can be misleading
and may contribute to physician, pharmacy, and patient
confusion over strength and dose.

Conclusion

Overall, bioequivalence was demonstrated between lido-
caine topical system 1.8% and lidocaine patch 5%, and
thus, these products can be expected to have similar effi-
cacy in managing PHN pain. A statistical comparison of
the single-time adhesion scores at 12 hours was statisti-
cally significant in favor of lidocaine topical system 1.8%
over lidocaine patch 5%. Both products were well toler-
ated as a single application in healthy adult human sub-
jects. It may be reasonable to anticipate that as topical
system/patch technology progresses, the strength presenta-
tions as a percentage of drug-to-adhesive will become
increasingly meaningless. Likewise, the drug load within
these topical products may not be an adequate indication
of drug delivery or exposure.
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